Little is known about the association between malnutrition and the chances of returning home from post-acute facilities in older adult patients. This study aimed to understand whether malnutrition and malnutrition-related factors would be determinants for returning home and activities of daily living (ADL) at discharge after post-acute care. Methods: Patients aged $65 years living at home before the onset of an acute disease and admitted to a post-acute ward were enrolled (n=207) in this prospective observational study. Malnutrition was defined based on the criteria of the European Society for Clinical Nutrition and Metabolism. Nutritional parameters included the nutritional intake at the time of admission and oral conditions evaluated by the Oral Health Assessment Tool (OHAT). The Barthel Index was used to assess daily activities. A Cox regression analysis of the length of stay was performed. Multivariable linear regression analyses to determine associations between malnutrition, returning home, and ADL at discharge were performed, after adjusting the variables of acute care setting. Results: The mean patient age was 84.7±6.7 years; 38% were men. European Society for Clinical Nutrition and Metabolism-defined malnutrition was observed in 129 (62.3%) patients, and 118 (57.0%) of all patients returned home. Multivariable regression analyses showed that malnutrition was a negative predictor of returning home (hazard ratio: 0.517 [0.351-0.761], p=0.001), and an increase in the nutritional intake (kcal/kg/d) was a positive predictor of the Barthel Index at discharge (coefficient: 0.34±0.15, p=0.021). The OHAT was not associated with returning home and ADL. Conclusion: Malnutrition and nutritional intake are associated with returning home and ADL at discharge, respectively, after post-acute care. Further studies investigating the effects of a nutritional intervention for post-acute patients would be necessary.
Introduction
Many patients, especially older adults, admitted for acute care experience alterations in their residential destinations after medical care. Patients who do not go back home usually get transferred to post-acute care wards/facilities including rehabilitation wards/ facilities. 1 It has been reported that 26%-69% 2-4 and 18%-39% 5, 6 of older adults do not return home from post-acute care and subacute care facilities, which are similar types of settings. Limited mobility, lower activities of daily living (ADL), cognitive impairment, increasing age, male gender, dysphagia, living alone, and medical needs were reported as the factors influencing their chances of returning home. 3, 7, 8 In addition to several factors, nutritional parameters are potentially associated with returning home from post-acute or subacute settings. A systematic review has shown that malnutrition at the time of admission to a rehabilitation ward has a negative effect on the physical functioning of the patients and their destination after being discharged from the ward. 1 Hakkarainen et al 3 have reported in a retrospective study that parenteral nutrition and pressure ulcers are two factors that prevent a patient from returning home. In another prospective study involving 65 older patients in a subacute care facility, Visvanathan et al 5 have reported that patients who were positive for a nutrition screen were more likely to be not discharged from the care facility. On the other hand, there was a controversial study that used simple indicators such as body mass index (BMI) and the Mini Nutritional Assessment (MNA) 6, 9 and did not find any association between malnutrition and returning home. It is likely that the variety of tools used to diagnose malnutrition could have contributed to the controversies. 1 However, to our knowledge, there are only a few studies that have investigated these parameters in elderly Asian patients. 1 If malnutrition at the time of admission to the post-acute setting is indeed a predictor of the destination after discharge and since many elderly patients requiring post-acute care are malnourished, 10 it is likely that nutritional intervention can enable these patients to return home. To identify associations between malnutrition and chances of returning home, therefore, will be meaningful for patients in a post-acute setting.
Recently, the European Society for Clinical Nutrition and Metabolism (ESPEN) defined the criteria for the diagnosis of malnutrition after obtaining a consensus from experts, 11 although there had been no standard definition of malnutrition until then. 6 Additionally, nutritional status is influenced by multiple factors such as nutritional intake, 12 ADL, 12 and oral health. 13, 14 ADL could be associated with both returning home and malnutrition in a post-acute care setting. In order to strengthen the current evidence, we aimed to investigate if malnutrition as defined by ESPEN and malnutrition-related factors such as nutritional dietary intake and oral conditions could be determinants for returning home and ADL at discharge in elderly Asian patients after post-acute care.
Methods

Design and participants
A single-center, observational cohort study was conducted in our 150-bed hospital, which includes a 47-bed post-acute care ward in the third largest city of Kumamoto prefecture in Japan. The study started in May 2016, with enrollment and follow-up ending in May and June 2017, respectively. Consecutive patients ($65-years-old) who lived at home before the onset of diseases and were admitted to the post-acute care ward after receiving acute medical care were asked to enroll in the study. Written informed consent was obtained from all patients or their legal guardians, and the study was approved by the ethics committee of the Tamana Regional Health Medical Center (approval ID: TRHMC-280511), in accordance with the Declaration of Helsinki. Patients not providing informed consent or who could not be measured for fat-free mass (FFM) using bioimpedance analysis were excluded from the study.
sample size calculation
We used data from an unpublished study of ours which showed that 50% of the older adults residing in their homes before admission to hospital were discharged back to their homes after post-acute care between May and October 2015. Based on these numbers, we predicted that 40% and 60% patients with and without malnutrition, respectively, would be able to return home after care. Under a power =0.8 and an α error =0.05, the study needed 194 participants, assuming half of the participants would be malnourished. Therefore, we designed the study with 216 enrollments factoring in 15% exclusions or withdrawals.
nutritional variables
Malnutrition was diagnosed according to the definition of ESPEN 11 by a two-step process. First, a validated nutritional risk screening tool was used, and in the next step, malnutrition was determined by the fulfillment of one or more of the following 3 criteria: 1) BMI (calculated body weight divided by height squared) ,18.5 kg/m 2 , 2) unintentional weight loss (.3 kg or .5%, within 3 months) and low BMI (aged ,70 years, BMI ,20.0 kg/m 2 ; aged $70 years, BMI ,22.0 kg/m 2 ), and 3) unintentional weight loss and low FFM index (female, ,15.0 kg/m 2 ; male, ,17.0 kg/m 2 ). In this study as well as our previous study, 15 a Mini Nutritional Assessment-Short Form (MNA-SF) 12 was used as a screening tool, and the FFM index was calculated. FFM, which was obtained using a multi-frequency bioimpedance instrument, (Inbody S10, Inbody Japan, Tokyo, Japan) divided by height squared gives the FFM index.
Nutritional intake was estimated by the attending dietitian based on each meal consumed during the first 3 days (9 meals) in the post-acute care ward. The estimate was based on the consumption rate of the main dish and an accompanying dish, recorded separately by nurses. Usually, the size and type of meal provided in the hospital were determined by an attending doctor and a dietitian. The average calorie intake per actual body weight per day was recorded.
The oral condition was assessed using a validated tool named the Oral Health Assessment Tool (OHAT). from 0 (best) to 16 (worst). 16 A dental hygienist assessed and recorded the participants' oral condition within 3 days of admission.
Outcomes
The primary outcome was the ability to return home after post-acute care, including routine nutritional care (nutritional screening and assessment) provided by the dietitians and the nutrition support team. Where each patient moved to after being discharged from the hospital was recorded by the attending nurse in their medical chart. To avoid bias, the medical social workers who were responsible for the patients' residential destinations were blinded to the baseline nutritional parameters such as the presence of ESPEN-defined malnutrition, dietary intake for 3 days at admission, and OHAT. The secondary outcome was ADL at discharge, and we aimed to determine the variables at the time of admission to the post-acute care ward that could influence ADL at discharge. Attending nurses also recorded the Barthel Index (BI) both at the time of admission and discharge from the ward, as well as premorbid BI. 17 BI used in the study ranged from 0 (totally dependent) to 100 (independent) with a 5 point grade based on daily activities.
Measurements
Each participant's characteristics, including age, sex, the primary reason for admission, the length of stay in acute care ward, and Charlson's comorbidity index, 18 were collected as variables in the acute care ward. Cognitive impairment was assessed by the attending nurses as a variable at the time of admission to post-acute care ward, using the Cognitive Performance Scale (CPS), 19 which is an ordinal scale ranging from 0 (intact) to 6 (very severe impairment). Prescription for physical rehabilitation program by physical therapists during hospitalization and the length of stay at the post-acute care ward were also collected as outcome-related variables. Variables obtained in the study and the time points are depicted in Figure 1 . Quantitative variables were expressed as a mean ± standard deviation in cases of parametric distribution or as median [interquartile range] when the distribution was nonparametric. Differences between groups were analyzed using the Welch's t-test or the Mann-Whitney's U test. Categorical data were expressed as frequencies (percentages), with between-group differences analyzed using the Fisher's exact test. Separate Cox proportional regression analyses were performed for all cases (including cases resulting in death) and only survival cases after adjusting the length of stay to identify variables that could be measured at the time of admission or during hospitalization. The chances of returning home could be predicted after adjusting all the variables obtained before the enrollment of the study started. Multivariable linear regression analyses were performed after adjusting the variables from the acute care ward, to determine the association between ADL at discharge and the variables examined at the time of admission or during hospitalization. The analysis for ADL at discharge included only survival cases, because examining ADL at discharge in cases that resulted in death is not possible. All statistical analyses were performed using the SPSS software, version 21 (IBM Corp., Armonk, NY, USA); p,0.05 was considered statistically significant.
Results
A total of 216 patients met the three inclusion criteria. Of these, eight patients for whom FFM using a bioimpedance analyzer (metallic instrument in the body) could not be measured, and one patient who did not give consent to enroll were excluded from the study. Finally, 207 participants were evaluated in the study. Table 1 shows the patient characteristics and comparisons between nutritional status groups (intact vs malnutrition). The mean age of the participants was 84.7±6.7 years, and 38.2% of them were men. BI scores indicated that most patients were dependent for ADL before the onset of the disease. Malnourished patients were likely to be inactive based on premorbid BI (p,0.001) and BI score at the time of admission to post-acute care ward (p,0.001). The average length of stay at the acute care ward was 18.0±11.5 days. The major reasons for admission to acute care ward were the same for both the nutritional status groups (p=0.665) and included infections (25.6%), physical deconditioning (19.8%), and nutritional support (15.5%). Malnourished patients were likely to have a higher nutritional intake (p=0.010) and revealed lower cognitive functions (p=0.001) based on the daily calorie intake and CPS score, respectively. Eighteen patients died in the hospital during the study. Therefore, we separately analyzed the data regarding the primary outcome. Table 2 shows outcome-related variables comparing nutritional variables. Malnourished patients were likely to not return home in both overall and survival cases (both p,0.001) and to stay longer (p=0.001) in the survival cases. Only 52.6% of the malnourished patients could return home, while 78.1% of surviving nonmalnourished patients returned home. In the analysis of all cases, patients who returned home had a 13% larger nutritional intake at the time of admission to the post-acute care ward (27.2 vs 24.0 kcal/kg/d, p=0.022). ADL assessed using BI were lower in malnourished patients than in patients with nutritionally intact status (p=0.003). The reasons for admission to the acute care ward did not differ between patients returning home and the others in both the overall and survival cases (p=0.665 and p=0.592, respectively). Therefore, for the multivariate analyses, we did not adjust for the reasons for admission which were categorized into 9 groups, to avoid an overfit or a poor fit of the model due to increasing parameters. Table 3 shows the results of the Cox proportional regression analyses of patients returning home. Malnutrition was independently associated with not returning home and accounted for approximately 48% lesser chance of returning home (hazard ratio: 0.517, 95% confidence interval: 0351-0.761, p=0.001). Other nutritional variables such as the amount of nutritional intake, OHAT, BI, and CPS no longer had a significant association with returning home. Similar results were observed using survival cases. Table 4 shows the results of a multivariable linear regression analysis of BI at discharge in the survival cases. Increased nutritional intake was an independent contributor to BI at discharge after adjusting for variables in the acute care ward (standardized coefficient: 0.099, p=0.021). BI and CPS at the time of admission were also associated with BI at discharge (p,0.001 and p=0.015, respectively). However, malnutrition was not an independent factor for BI at discharge (p=0.424).
Discussion
This prospective observational study evaluated 207 elderly adults who had lived in their homes before the onset of a disease for which they were admitted to the post-acute ward. The study aimed to determine whether nutritional variables had any influence on their returning home after post-acute care. 
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The study revealed that 1) ESPEN-defined malnutrition predicts a poor possibility of returning home and 2) high nutritional intake at admission may lead to a higher ADL at discharge. Both univariate and multivariable analyses showed that ESPEN-defined malnutrition was negatively associated with returning home in post-acute care patients. The nutritional status is defined by not just body weight but also physical functioning, muscle and fat mass, and nutritional intake. 21 Patients with cognitive impairment are frequently malnourished. 22, 23 Several studies have reported that limited mobility, inactivity, swallowing disorder, and cognitive impairment are risk factors for not returning home from post-acute settings. 3, 8, 24 These findings possibly indicate that malnutrition is an independent risk factor for not returning home and, therefore, support our results. However, Thomas et al 6 have reported no significant differences in the destinations after discharge among 3 groups categorized on the basis of BMI (,22 kg/m 2 , 22-27 kg/m 2 , and .27 kg/m 2 ) or between 2 groups categorized on the basis of MNA (,17 points and 17-23.5 points), though these analyses were performed without adjusting for confounding factors. As described in the report, there was no standard method to diagnose malnutrition. We implemented a validated ESPENdefined process to diagnose malnutrition, which comprised of risk screening using a validated screening tool and 3 options to determine the nutritional status. 15, 25 Conclusions were made based on the results of multivariate analyses.
ADL at discharge from post-acute ward was influenced by nutritional intake at admission. Although ADL is well known as a factor influencing discharge to home, 8, 24, 26, 27 little is known about factors influencing ADL at discharge. We found that the amount of nutritional intake during the first 3 days after admission was higher in patients who ended up returning home (27.2±8.6 kcal/kg/d) than in those who did not return home (24.0±10.8 kcal/kg/d, p=0.022). Therefore, it might be possible to improve the chances of returning home through ADL improvement by providing nutritional support in post-acute settings. While this study was an observational study, an interventional study would be ideal to determine causality between nutritional intake and outcomes. The interventional methods that can enable older adult patients to be successfully discharged should be determined by a multidisciplinary approach. 28 The results of this study point to the importance of nutritional assessment and care in a geriatric multidisciplinary center.
Based on our results, we suggest that nutritional status should be assessed immediately upon admission to screen for patients who are likely not to return home. We also suggest that the nutritional intake should be increased if patients are found to be malnourished. These procedures cannot always be performed by dietitians, and multidisciplinary collaboration will be expected. The multidisciplinary approach focused on nutrition and functional status to improve the physical functioning and not develop disability is known as "rehabilitation nutrition" and is performed by a combination of nutritional and functional management experts. 29 The rehabilitation nutrition especially pays attention to nutritional status, nutritional intake, and muscle mass and function (sarcopenia). 29 Screening of patients to determine their nutritional status is important for the development of targeted nutritional care within the rehabilitation settings 30 in order to help them return home and avoid ADL decline.
There are several limitations in the study. First, reasons for admission to acute care hospital were not considered in the multivariable analyses. The influence of diseases was not eliminated in the study. Second, this is an observational study. An interventional study, especially a randomized controlled one, can clarify the causality between factors and outcomes. Third, an accurate measurement of the nutritional intake might be biased, since the malnourished patients had a higher nutritional intake. When divided by actual body weight, the underweight patients had a higher nutritional intake than normal or overweight patients.
Conclusion
Malnutrition and poor nutritional intake at admission to post-acute setting are determinants of returning home and ADL level at discharge, respectively. Screening nutritional risk, assessing nutritional status, monitoring the amount of dietary intake, and following nutritional care may contribute to favorable outcomes for patients in post-acute settings. 
